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Coherent Neutrino Nucleus Scattering:

At low recoil energies (TA)  the cross section is enhanced by ~N2 . This 
process has not been measured yet… 
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this seems to be the starting point… here in Batavia



4



5

a couple of important things to remember…
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at low energies the neutrino can not penetrate the nucleus… it 
sees the whole thing

we have not seen it yet…
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not the plan in this case



• Window for new physics: 

• Very important for future Dark Matter searches 
• Non Standard interactions 
• Neutrino Anomalous Magnetic Moment 
• New tool for neutrino experiments (very short baseline 

oscillation experiments – low energy) 

• Technological applications: 
• Neutrinos could be used to monitor reactors
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(2013)

predicted, 
but never observed
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CRESST 2015

predicted, but never observed

adapted from F.Reindl 2-2016



12understanding the new physics also important for future dark matter searches…
R. Harnik et al. (2012)



GEMMA 09
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(3GW reactor)

Current best limit comes from GEMMA (using Ge detector at reactor)  3.2x10-11  µB mv/eV
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people have been thinking about technological 
applications for a while, maybe we are getting 
close now.



15

Sterile neutrino oscillations…

for sterile neutrino mass

for 1 MeV neutrinos oscillation scale in the order of 1m

Ricochet 

Very short baseline sterile neutrino oscillation 
experiment would become possible if we have a 
way to detect coherent scattering.



great…. but how do we do it?
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current efforts
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Two ways to get high flux low energy neutrinos:
Will talk about this.



18

Strong program at Spallation Neutron Source with stopped pions. 
Larger energy recoils.



Scientific goal:   
First detection of neutrino-nucleus 
coherent scattering. 

Technique:  
Measure low energy nuclear recoils 
in silicon produced by antineutrinos 
generated at nuclear power plant. 
Scientific Charge Couple Devices 
(CCDs) are used for this purpose 
with a threshold of 40 eV. 

Collaboration:  
Argentina, Brazil, Mexico, Paraguay, 
Switzerland and USA 

~20 people

The CONNIE Collaboration
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First CONNIE Collaboration Meeting  
June 12, 2015 
CBPF, Rio de Janeiro
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First CONNIE Collaboration Meeting  
June 12, 2015 
CBPF, Rio de Janeiro



• Ingredients: 

• Strong source of low energy 
neutrinos. 

• Detector that can see very low 
energy nuclear recoils. 

• Instructions 

• Combine ingredients and wait for 
the signal.
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The detector: CCDs
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Janesick

Precision of the measurement 
only depends on the last 
bucket!

CCD readout
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First CCD 1974 (2009 Nobel Prize) 25



1.8 e- RMS noise: this is what makes CONNIE posible:

261e ≈ 3.6eV  ! 40eV threshold is possible
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LBNL has developed thick CCDs… massive piece of silicon 
with 2e- readout noise! 27



Dark Energy Survey and the 
Dark Energy Camera are 
possible thanks to these 
sensors.
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to detect IR photons we use long and skinny pixels.
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Enabling Technology : thick CCD detectors 
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DECam detectors are 250um thick and 8 Mpix, 1g per CCD. DAMIC started with this. 
DAMIC-100 is now going to 675 um thick and 16 Mpix, 5.2g per CCD. In 2014 installed the 
first 675um detectors, provided by LBNL to test the concept. 



CONNIE 2014-2015 sensor: 

32



4k

2k

Channel U
Channel L

The noise is determined by the capacitance of the output node. 
The active pixels are decouples from the readout node!

15 x 15 um pixels

CONNIE 2014-2015 sensor 
250 um thick CCD 
Developed by LBNL Microsystems LAB
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muons, electrons and diffusion limited hits.
Nuclear recoils will produce diffusion limited hits. Neutrinos from reactor are expected to produce 
nuclear recoils at a rate of 10,000 per day for each kilogram of detector. 
arXiv:1408.3263

Particle identification in a CCD image
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Calibration using X-rays
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Diffusion measurement using a 
muon track.
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Diffusion measurement using a 
muon track.
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Neutrons fro 252Cf

Once diffusion is measured, we 
can simulate X-rays and 
neutrons on the CCD and 
compare with the data.  
 
This is important for our DM 
analysis.
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Antonella @ Notre Dame (Tandem Van 
de Graaf, 10MV). Collaboration with 
U.Michigan, U.Zurich, U.Guanajuato, 
Paraguay.
Collaboration with U.Chicago using 
CCD packages + electronics from 
FNAL to complete low energy points.
Silicon nuclear  coils calibrated to 0.6 
keV, 1 order of magnitude lower than 
before.

2 phd students, several 
undergraduate

Antonella measurement UChicago measurement



Angra II - nuclear power plant
The Source
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Angra Nuclear Power plant. 

Three reactors. Two operational and one under 
construction. 

Centro Brasileiro de Pesquisas Fisicas (Rio de 
Janeiro) has a agreement with the reactor to 
perform neutrino experiments on site.  CONNIE is 
one of two experiments planned.
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Angra II Reactor 

4GW thermal power 

Angra do Reis,  
Rio de Janeiro, Brazil.
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Our Collaborators in Brazil 
(CBPF and UFRJ) invited 
us to try this 30m from the 
core Angra-II power plant. 
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Moroni et al 2014 arXiv:1405.5761 
PRD 2015

Signal vents day (year)

Estimated  
Bkg=8.5 ev/day

assuming 52g detector array

90 days of running => s/n = 0.92*90/sqrt(8.5*90) = 3

3 sigma detection in 90 days!

Event rate for CONNIE
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• Detector Shipping August-September 2014 
• Detector installation and first data October-November 2014 (10 grams) 
• Initial operations supported by experts from FNAL(LDRD) and 

UNAM(Mexico) 
• Continuous operation now supported by local team (UFRJ + CBPF) 
• Full shield assembly completed July 2015 (strike permitting) 
• September 2015 – full month with reactor ON 
• October 2015 – full month of full reactor OFF 

• Future: 
• Mid 2016: upgrade to 100g 

TIMELINE
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Angra Nuclear Power plant. 

Three reactors. Two operational 
and one under construction. 

Centro Brasileiro de Pesquisas 
Fisicas (Rio de Janeiro) has a 
agreement with the reactor to 
perform neutrino experiments on 
site.  

CONNIE is one of two experiment 
planned.
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4GW reactor at Angra do Reis, Brazil

Shipping container conditioned for 
neutrino experiments, 30 meters from 
core.

Poly + lead shield, cryogenics, vacuum 
and DAQ operating on site Oct-2014.

Equipment shipped from Fermilab to Angra do 
Reis in Sept-2014.
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Kevin Kuk 
our boss during 
installation.



One good reason to visit Rio: 

Access to controlled areas without escort (24/7). 
Reactor is 4hrs drive from Rio de Janeiro, home of 
our collaborators. Bringing equipment requires 
paperwork that take 1.5 days. 

Operating an experiment at a nuclear plant is not 
easy. In Brazil is possible thanks to our local 
collaborators. A a lot of support from reactor 
staff, and “robust” detector make this possible. 
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we also shipped 
some assembly 
tools from Bahia 
Blanca 
(Argentina)

Guillermo Fernandez-
Moroni Defended his 
PhD yesterday. 



FINAL shield (July 2015) — strike permitting
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Detectors
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PPD  
Division Management is hands on!

carried a lot of lead and paid for the parts with 
his own money!!!
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Detector Performance
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msec exposure

8700 sec expoure

changed grounding configuration

dark current of 0.5e-/pix/hour 60



No shield
Partial
Full shield

no selection cuts

X-ray fluorescence 
(gamma monitor)

“muons”
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Reactor ON

Reactor OFF

Background stability check #1 : Cu fluorescence peak.

62



Background stability check #2 : Muon rate

Reactor ON

Reactor OFF
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• \
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single pixel events



• \
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Power of “a” nuclear reactor like Angra-2 during shutdown



SM x 100
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SM x 100
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Analysis is still in progress… 
Some models of interest compared to events rates similar to 

preliminary constraints from CONNIE.
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Preliminary



CONNIE is now starting to probe an interesting region of the 
parameters space for new physics in the low energy neutrino 

sector. 70



2015 
Engineering

2016-2017 
Science

mass 1g 
(1CCDs, 1g each)

100g 
(18CCDs, 5.7g each)

noise 2.4e- 1.8e-

dark current 0.5 e/pix/hour 0.001 e/pix/day

package background 5000 dru 
contaminated AlN 

40 dru

exposure 15 days 90 days

x10 in S/N 

100 eV thr ➔  60 eV thr 
x2 in S/N}

x2.2 in S/N (assuming have 1k dru?) 
x2.4 in S/N 
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Next: N/Sx100  

the sensors are already at FNAL 
packaging/testing in progress



• CONNIE started operations at ANGRA in 2014 with a engineering 
prototype. Thanks for all the support to PPD/CD at FNAL! 

• CONNIE is science ready, starting to look into a new region of the 
parameter space for neutrinos. 

• Data shown here is for 1g, operated for about 15 days. 

• CONNIE is upgrading to 100g by mid 2016. 

SUMMARY
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Full AlN 
Frame AlN 
simulations 

at SNOLAB we saw about 5000 dru from the AlN, 
removing this will improve our background.
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data collected at SNOLAB
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Moroni et al 2012 
@FNAL ~1e could be possible in the future  

2016 LDRD 
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other reactor experiments exists, the bigger activity here is with Germanium detectors

threshold ar about one order of magnitude larger than what we can do with CCDs. 
(table from Texono Collaboration).


